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Incompatibility of Methyl Nadie  Anhydride with Permanganates 
MICHAEL K. REEDY. From the Medical Research Council, Laboratory of Molecular Biology, Cambridge, 
England 
Epon epoxy resin was introduced as an embedding 
medium for biological electron microscopy largely 
through the independent efforts  of Finck (1)  and 
Luft  (2).  The  usual  recipe  involves three  com- 
ponents:  Epon 812  resin  (Epikote 812,  in  Eng- 
land), an anhydride hardener, and an accelerator 
such as DMP-30. Since the combination of Epon 
with  dodecenyl succinic anhydride  (DDSA)  was 
thought to produce a rather soft cured resin, the 
addition of a second hardener was recommended. 
Finck  used  hexahydrophthalic  anhydride 
(HHPA), while Luft used methyl nadic anhydride 
(MNA).  HHPA is solid at room temperature, so 
it must be warmed to enable mixing with Epon. 
Some Epon-HHPA mixtures tend to crystallize on 
storage.  Since  these  inconveniences are  avoided 
with  MNA-containing mixtures,  the  author  has 
for several years made exclusive use of a mixture 
of Epon 812,  MNA,  and DDSA for  embedding 
tissues,  employing  the  proportion  70  per  cent 
Luft's mixture A  (Epon-DDSA) and 30 per cent 
Luft's mixture B  (Epon-MNA). Similar mixtures 
are in preferential use in many laboratories. 
Recent experiments have  indicated an impor- 
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its  capacity  to  react  with  permanganate  even  in 
the  cured  resin,  with  the  result  that  its  presence 
interferes  with  permanganate  staining  of  thin 
sections  according  to  the  technique  of Lawn  (3) 
and  others  (4,  8,  10).  Repeated  attempts  to stain 
muscle  tissue  embedded  in  Epon-DDSA-MNA 
with  permanganate  resulted  in  darkened,  fragile 
sections in which no contrast was gained in tissue 
detail.  A  report  of  our  experiments  may  be  of 
general interest,  since a  search of recent literature 
disclosed only one  instance  of successful  perman- 
ganate  staining  of Epon  sections  (5),  despite  the 
fact that Epon 812 is more widely used than other 
embedding  materials  with  which  permanganate 
staining  apparently works well, such as methacry- 
late  (3,  10),  Araldite  (3,  4, 8),  and  polyester (6). 
In initial experiments, the gross effects of a 2 per 
cent KMnO~ solution on cured epoxy resin blocks 
were  determined.  It  was  found  that  30  to  60 
minutes' immersion in KMnO4 solution caused an 
opaque  black surface  discoloration,  to  a  depth  of 
about  30 microns,  of cured blocks of Epon-MNA 
or of Epon-DDSA-MNA  (in  the  70:30  mixture). 
On  the other  hand,  no visible change  was found 
after overnight permanganate  treatment  of cured 
Epon blocks containing no MNA, but only DDSA 
or HHPA.  Cured  Araldite  was  similarly unreac- 
tive. 
When  KMnO,  was mixed with different liquid 
components  of  epoxy  embedding  mixtures  (pre- 
pared as emulsions in water), it reacted with all of 
them,  changing  from  purple  to  brown.  This  oc- 
curred almost instantly with MNA, but took about 
30  seconds  with  Epon  812,  DDSA,  and  Araldite 
Hardener  HY964,  60  seconds  with  HHPA,  and 
several hours with Araldite Casting Resin M. The 
chemical groups responsible for these slower reac- 
tions  are evidently unavailable in  the cured  mix- 
tures. Dr. John Luft has suggested that the persist- 
ent reactivity of MNA in the cured resin may be 
due  to  an  unprotected  double  bond  which  it  is 
known to contain  (7). 
Sections of striated  muscle  (fixed in glutaralde- 
hyde  and  postfixed  in  osmium  tetroxide)  which 
had  been  embedded  in  various  resin-hardener 
mixtures were stained with 2 per cent KMnOa or 2 
per cent Ba(MnO4)2  and  treated with dilute Pal's 
bleach  as  recommended  by  Robertson  et  al.,  to 
remove  precipitate  (4).  When  examined  in  the 
electron microscope, tissue embedded  in mixtures 
containing MNA failed to show any gain in con- 
trast  over  background  after  staining.  Successful 
and  intense  staining  of all tissue  components  was 
found  in  sections  cut  from  Epon-DDSA,  Epon- 
HHPA,  and  Araldite.  The  staining  quality  of 
tissue  embedded  in  these  three  mixtures  did  not 
differ  appreciably.  Ba(MnO4)2  stained  somewhat 
darker than KMnO4. Areas of patchy overstaining 
(diffuse spots) and  understaining  (sharply circum- 
scribed  spots)  were  more  frequent  with 
Ba(MnO4)~,  and were more frequent with longer 
staining times.  Fifteen minutes usually gave max- 
imum  staining  with  the  2  per  cent  solutions.  A 
generalized destructive effect on tissue detail often 
appeared as staining times were prolonged beyond 
15 minutes up to  1-1~  hours.  Blocks subjected to 
prolonged curing (3 to 6 days at 60°C)  seemed to 
be significantly less  susceptible  to this destructive 
effect. Addition of uranyl  acetate to the perman- 
ganate staining solution is said to be advantageous 
(8),  but no advantage  was obtained from the use 
of  this  combination  in  our  limited  experiments 
with  it.  At  its  best,  permanganate  staining  lent 
tissue  detail  the  same  electron  opacity  as  uranyl 
acetate  followed  by  lead  citrate.  When  perman- 
ganate-stained  sections,  dried  after  rinsing,  were 
subjected to lead citrate staining for 3  to  10 min- 
utes (9), after the suggestion of Yasutake et al.  (10), 
this  double  staining  was  found  to  provide  easily 
the  greatest  increase  in  electron  opacity  yielded 
in our hands  by any of the published methods for 
section  staining.  However,  it  accentuates  the 
patchy over- and understaining mentioned earlier. 
Such  intense  staining  has  the  drawback  of 
lowering  differential  contrast  in  some  instances, 
for  example,  by  rendering  some  areas  of  cyto- 
plasmic  matrix  too  dark  or  by  overstaining  the 
interbands  of  collagen  fibrils,  etc.  Yasutake's 
technique  nevertheless  offers  the  prospect  of 
studying features of biological ultrastructure which 
have been ignored or passed over because of their 
low prominence when stained by other techniques. 
The author's current preference is for the Epon- 
DDSA mixture  of Luft without  other  hardeners. 
Sections  thin  enough  to  be  almost  invisible  by 
reflected light  (250  to 300 A)  have been cut with 
little  difficulty  from  Epon-DDSA  embedments 
using a good diamond  knife.  Epon sections tended 
to  reexpand  and  become  smooth,  after  cutting 
onto  distilled  water,  more  quickly  than  Araldite 
sections.  Epon-DDSA  is  less  prone  to  shatter 
during  trimming than  mixtures  including  signifi- 
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rigid when certain  precautions  are taken.  Gelatin 
capsules  should  be  desiccated  before  use.  Aged 
Epon-DDSA  mixtures  which  have  become  obvi- 
ously more viscous than fresh mixtures should not 
be  used  (refrigerator  life  can  be  as  short  as  8 
weeks).  Cured  blocks  which  have  been  subjected 
to boiling water for 5  minutes or cold water for  1 
or more hours in order to dissolve away the gelatin 
capsule often become undesirably rubberlike. This 
effect is usually reversible by desiccating the block. 
Though  usable  sections  are  obtainable  after  a  12 
to  15 hour cure at 60°C, prolonged curing (3 to 6 
days)  has often been observed to enhance rigidity 
and to reduce the susceptibility of tissue to the de- 
structive effects of permanganate  staining. 
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